Summary Triticale (Triticosecale Wittmack) is a material in evolution, consequently it carries typical reproductive problems of those individuals with two or more genomes in an unique cytoplasm and where the stabilization process is yet evolving. Grain yield, as final product, is attained through several biological steps where meiosis plays an essential role. To improve each reproductive step is nature and man common intention, however the plant breeder attention is focalized in fewer characters generally associated to the end of the reproductive process. The aim of the present research was to measure the associated changes for the meiotic index in an evolving triticale population selected disruptively for several agronomical traits. Significant differences between superior and inferior mean group values were observed for the grain yield per spike co-selected trait and the meiotic index co-responsive ones. The presence of significant mean differences for the meiotic index between superior and inferior groups, performed in accordance to a selection index constituted by several agronomical traits, suggests that is possible to obtain a positive effect on the meiotic index selecting for grain yield and its principal components. Consequently, the use of a selection index generated harmonious genotypes with respect to the cytological and grain yield triticale performance. Key words Triticale, Meiotic index, Agronomical traits, Correlated response.
Triticale (Triticosecale Wittmack) is a material in evolution, consequently it carries typical reproductive problems of those individuals with two or more genomes in an unique cytoplasm and where the stabilization process is yet evolving. To obtain optimal reproductive performance through viable descendants, under specific environmental conditions, is a paramount purpose for any organism. Grain yield, as final product, is attained through several biological steps where meiosis plays an essential role (Miralles and Slafer 2001) . In this context, to improve each reproductive step is nature and man common intention, however the plant breeder attention is focalized in fewer characters generally associated to the end of the reproductive process (i.e. grain number). In any case, studies concerning to heritability estimates of the meiotic behavior and grain yield components, and about of the relationships between them, are needed. One of the most studied meiotic variables is the percentage of normal tetrads (without micronuclei) or meiotic index, published data (Maich and Manero de Zumelzú 1998) showed a low to intermediate heritability estimate (38%). Taking into account its short evolutionary story, the evidence suggests that the genetic progress with respect to the percentage of normal tetrads in triticale is promissory. Analyzing cytological and agronomical traits as a whole, it would be reasonable to think that a low meiotic index is related to a lower fertility (grain number per spikelet or spike). However, there is contradictory bibliography respect to it. Manero de Zumelzú et al. (1992) observed a significant and positive correlation between the percentage of healthy microspores (without micronuclei) and the number of seeds per spike grain yield component. On the other hand, using the grain number per spikelet as selection criteria, a not significant indirect response to selection for the meiotic index was observed (Maich et al. 1999) . Finally, Torres et al. (2002) showed in what manner the recombination-evaluation-selection processes generated a superior cytological and agronomical recombinant family in a triticale plant population after one cycle of recurrent selection for grain yield per spike.
The aim of the present research was to measure the associated changes for the meiotic index in an evolving triticale population selected disruptively for several agronomical traits.
Material and methods
The experimental material in this study consisted of a sample of 131 S0 hexaploid triticale progenies (seeds developed by crossing) pertaining to the second cycle of a recurrent selection program. The S0 progenies were cultivated in 2000 at the Experimental Farm of the College of Agriculture (Córdoba National University), Córdoba (31°29ЈS; 64°00ЈW), Argentina. The S0 progenies were ranked in accordance to a selection index based on eighteen morphological, physiological and physical grain yield related traits. The characters measured on a plot basis were: grain and aboveground biological yield (gm Ϫ2 ), spike number m Ϫ2 , 1000 grain weight (g) and the derived ones, harvest index (%) and grain number m
Ϫ2
. Five random fertile tillers per plot were measured to determine: plant height (cm), terminal culm internode length, average rachis internode and spike lengths (cm), number of spikelets per spike, grain number per spike, grain and biological yield per spike (g), straw yield per spike (g), and the derived ones, grain number per spikelet, the ratio of grain to biological yield per spike (%), and the ratio of plant height to terminal culm internode length. For each trait, taking into account the direction of selection, each progeny mean value was compared to the corresponding 131 S0 sample mean value and/or with respect to the control test ones. One (morphological) or two (physiological and physical) points were assigned when the performance of the progeny was agronomically superior to the reference mean value. An additional point was assigned if the frequency of the superior progenies with respect to the reference mean value was less than 25%. The total score per each S0 progeny was estimated, and a disruptive selection intensity of 7.6% was applied in each sense for the selection index variable. The 20 S1 triticale families (seeds developed by one generation of self pollination), 10 per group (superior and inferior), were evaluated under rainfed conditions during 2001 at the same location. A randomized complete block design with 2 replications was used. The experimental unit consisted of 3 row plots 5 m long spaced 20 cm apart at a seeding rate of 250 grains m
. From each plot 5 immature spikes were removed and treated according to Ochoa de Suárez et al. (1987) . One hundred and fifty tetrads per spike were analyzed in order to determine the meiotic index. Additionally, the percentage of tetrads containing micronuclei in 1, 2, 3 or 4 microspore was estimated. Data for grain yield per spike were measured on a plot basis sample and from a 5 fertile tillers sample per plot.
The meiotic index cytological data was subjected to the ANOVA considering groups and blocks as unique source of variation and the data referred to the percentage of tetrads with variable number of micronuclei was analyzed using the chi-square test (Skory Method). With respect to the grain yield per spike agronomical data, the source of variation referred to the sample type was added. For contrasting means the LSD test was utilized.
Results and discussion
Significant differences between superior and inferior mean group values were observed for the grain yield per spike co-selected trait and the meiotic index co-responsive ones (Table 1) . Retrospective studies shown associated grain yield changes with respect to the grain m Ϫ2 (Slafer et al. 1994) , less common are those referred to the cytological traits. The presence of a significant mean difference for the meiotic index between the superior and inferior groups performed in accordance to a selection index constituted by several agronomical traits, suggests that is possible to obtain a positive effect on the meiotic index selecting for grain yield and its principal components. These re-sults are in contrast with those published by Maich et al. (1999) , where was not observed an indirect response for the meiotic index selecting for the number of seed per spikelet. In this research, a significant change in the meiotic index was achieved integrating grain yield and several of its components in a selection index. Consequently, the use of a selection index generated harmonious genotypes with respect to the cytological and grain yield triticale performance.
With respect to the percentage of tetrads containing micronuclei in 1, 2, 3 and 4 microspores (Fig. 1a-d ), significant differences between the meiotic performance of the superior and inferior groups were observed (Table 2) . With respect to the low group, the high group showed a higher percentage of tetrads with micronuclei in 1 microspore and a lower percentage with micronuclei in the 4 microspores. Consequently, the number of the affected microspores per tetrad also can be modified selecting for agronomical traits, which include those related to spike fertility. In this sense, a similar positive tendency was denoted with respect to a increased number of normal microspores and Maich et al. (2002) results concerning to a increased seed number per spike grain yield component. However, under semiarid condition of cultivation it is very difficult to put in evidence firmly established relationships between grain yield and its determining processes (including the meiosis). An overall analysis of ours results with those obtained by Torres et al. (2002) , and comparing the meiotic index of Tatú grain producer variety (33%) with respect to that of its descendents after 1 cycle (53%) and 2 cycles (68%) of recurrent selection, or the percentage of tetrads with micronuclei in its 4 microspores, 9.6% (Tatú), 5.2% (1 cycle) and 2.7% (2 cycles); shows a progressive diminution of the frequency of microspores with micronuclei. In conclusion, a systematical plant breeding program directed to increase grain yield simultaneously improved the meiotic performance of hexaploid triticale.
